Introduction: Palliative care is an approach to caring for patients and families affected by
INTRODUCTION
Growing evidence suggests current standards of care do not adequately meet many important aspects of care for Parkinson's disease (PD) patients and their caregivers including: 1) Underrecognition and treatment of non-motor symptoms such as pain, depression and fatigue [1, 2] ; 2) High rates of nursing home placement, hospitalization in the last year of life and in-hospital deaths [3, 4] ; 3) Caregivers being under-prepared for their role [5] ; and 4) High levels of burden, depression and increased mortality among PD caregivers [6, 7] . Palliative care focuses on the relief of suffering for patients and families affected by serious illness through the assessment and treatment of physical, psychosocial and spiritual issues [8] . While traditionally associated with cancer, palliative approaches have been successfully applied to several chronic progressive illnesses including heart failure and pulmonary disease [9, 10] . Several recent reviews propose palliative care approaches for PD [11, 12] , and a small but growing cadre of centers worldwide now offer interdisciplinary outpatient palliative care for PD.
Currently there are scant data and no randomized clinical trials to guide clinicians or researchers in this emerging field. While there have been several opinion pieces and reviews, there are no statements reflecting the opinions and discussions of an international working group. This is a notable gap as there is likely to be significant variability in this new field in terms of which services are offered to whom, what outcomes are followed and how to prioritize research questions. 
METHODS

In
RESULTS
Defining Palliative Care for PD
Faculty, patients and caregivers all endorsed a broad conception of palliative care as an approach to the care of PD patients and their families which seeks to relieve suffering through the management of medical symptoms, psychosocial issues, spiritual wellbeing and advance care planning [12] . This approach is not limited to end-of-life care [13] . Patients and caregivers identified palliative care needs for early (e.g. emotional support at diagnosis), middle (e.g. discussing goals of care, nonmotor symptom management) and late-stage PD (e.g. hospice) and stressed that the time of diagnosis is particularly challenging and is a time where increased support and resources are needed. Patients proposed a "three-legged stool" model to provide palliative care including: 1) Community organizations ranging in size from local support groups to international advocacy foundations; 2) Primary care physicians, geriatricians and neurologists; and 3) Specialist palliative care including team-based outpatient clinics, home palliative care and hospice. In this model each leg has its own role and strengths.
Further research is needed to define what approaches are most appropriate for specific patient and caregiver needs. Faculty agree that palliative care is best seen as an approach to care with specialist palliative care services (e.g. interdisciplinary clinics, hospice) being only one aspect of this. It is not feasible for all PD patients to get all of their palliative care needs met in these clinics and PCP/neurologist education as well as utilization of community resources (e.g. support groups, online education) are needed to cover the full spectrum of patient and caregiver needs.
The timing of referral and role of specialist palliative care for PD is challenging to define.
Palliative care is commonly associated with end-of-life care and palliative resources are certainly needed during this time [14] . However research suggests that even in cancer, earlier palliative care may improve patient quality of life and even survival [15] . Although reimbursement for hospice care is tied to prognosis in many payment systems (e.g. Medicare), outpatient palliative care referrals are reimbursed regardless of prognosis as standard clinic visits and a more useful conceptual model for referral may be based around needs rather than prognosis, stage or specific events. A prospective study of ambulatory palliative care for PD enrolled patients with uncontrolled symptoms, neurobehavioral symptoms limiting treatment, cognitive impairment or caregiver distress [16] . For the represented PD palliative care clinics, referrals are made as limited consults for specific issues, for co-management or to assume ongoing care. As discussed below, validated needs assessment tools are needed to aid clinicians in making appropriate referrals and to define inclusion for research trials.
The term "palliative care" was discussed as potentially problematic for patients and clinicians who may have strong preconceptions about palliative care. Several clinicians described patients not interested in "palliative care" but excited to come to a team-based clinic providing intensive symptom management and psychosocial support. As a result, most clinics have changed their names to "Supportive Care," "Next Step Clinic" or "Complex Symptom Management" to reduce confusion and increase acceptance by healthcare providers, patients and families. Some felt that misconceptions about palliative care need to be directly tackled rather than hidden under another name.
Lessons from Palliative Care for Cancer and Heart Failure
Most palliative care services have arisen in conjunction with oncology. Although evidence supports an early integrated care service delivery model [15, [17] [18] [19] this is implemented variably, often influenced by the funding system. In the UK and Australia, an integrated service, where cancer patients access palliative care services according to need rather than prognosis and in conjunction with ongoing cancer-directed treatment, is becoming the standard of care. In the US, the largest health care system, the Veterans Health Administration, also provides concurrent cancer and palliative care [20] . US hospital-based palliative care consultation has grown significantly, while outpatient palliative care has grown more slowly due in part to low financial incentives [21, 22] . Thus the traditional view of palliative care being inconsistent with diseasedirected treatment continues despite i) the evidence in support of early integrated care, and ii) being an outmoded concept for much of oncology where successive cancer treatments can modify the disease trajectory to be one more akin to a chronic disease.
Heart failure (HF) was one of the first non-cancer conditions to recognize the significant symptom burden and concerns of patients and caregivers as palliative care issues [23] [24] [25] [26] [27] .
Despite palliative care recommendations in national guidelines and policy [28] [29] , implementation of this approach is patchy [30] . Barriers to implementation are well described and relevant to PD including:
1. Disease trajectory. The pattern of deteriorations and restorations, and the fact that cardiac treatments remain appropriate until very late stage disease, make it difficult to predict patients who are in the last few months of life. When palliative services are predicated upon estimated prognosis rather than patient-identified concerns or needs, the result is that conversations about advance care planning do not occur for fear of "not being at that stage yet" (despite lack of clarity about when "that stage" starts).
2. Education and training. Few cardiology training programs have substantive training in communication, symptom management, advance care planning or joint clinical decision making [31] .
3. Evidence base. The inadequate evidence base for palliative management of common symptoms such as fatigue and dyspnea, as well as the role of palliative care in HF more generally, are cited as reasons for inadequate implementation of palliative care. However, there are now published phase 2 trials, and a phase 3 randomized controlled trial, showing benefit for specialist, multi-disciplinary palliative care interventions [32] . However, questions remain regarding which HF patients need specialist palliative care referral or specific symptom interventions, and who can be adequately managed if the usual care team had appropriate palliative care skills [33, 34] . Furthermore, the growing evidence base will not address difficulties of implementation arising from limitations in clinician training and service configuration constraints. A service requiring all patients with HF to see a specialist palliative care team is clearly unsustainable, and unnecessary [33, 35] .
4. Unclear lines of clinical responsibility. Patients with advanced HF are cared for across a variety of clinical settings (home, care facility, hospital, hospice), and a variety of clinicians (family physician, internist, nurse practitioner, geriatrician, cardiologist, palliative care specialist). There is a need to assess components of successful integrated services and identify core components that can be translated into different settings.
There is an emerging consensus in cardiology supporting the following approaches; i) a problembased rather than prognosis driven identification of patients, ii) collaboration between primary care, specialist cardiology care and palliative care and iii) most of the palliative care assessment and concerns managed by primary care and cardiology with specialist palliative care services involved for help with training, education and direct clinical support for complex or persistent issues. Patient Needs PD patients and their caregivers have many unmet needs due to under-recognition and undertreatment of non-motor symptoms, as well as a lack of focus on psychosocial stressors, spiritual wellbeing and advance care planning [36, 37] . We now know that motor symptoms are just the tip of the iceberg in PD [38] , and that PD patients have similar rates of symptom burden as those with advanced cancer and amyotrophic lateral sclerosis (ALS) [16, 36] . Visual hallucinations, depression, cognitive impairment, apathy and daytime sleepiness have large impacts on quality of life and functional ability [16, 39, 40] . As patients with PD experience longer duration of disease with advanced therapies, non-motor and axial symptoms, which are unresponsive to levodopa, take an increasing toll on patients and their caregivers.
Psychosocial stressors play a major role in PD, with far-reaching emotional and social consequences [41] . PD significantly affects family dynamics, with changing roles, loss of autonomy, economic strain and social isolation being very common. Patients and caregivers can feel abandoned by medical providers due to trouble accessing care and limited comfort of providers addressing the needs of patients with advanced illness [42] . In addition, decreased spiritual wellbeing in PD patients often includes a devastating loss of purpose [43] [44] [45] . It is critical to help patients and their loved ones find peace and solace, as well as meaning in their lives. We know that patients with advanced diseases who find comfort from their spiritual beliefs have an improved quality of life [43] .
As a progressive, incurable, symptomatically devastating life-limiting disease [46] , it is remarkable to note the low rates of hospice use in PD patients [46, 47] . In fact, the majority of those with PD die outside of their homes, and advance care planning is absent in almost all PD patients who die in hospitals [48] . Studies show that most (but not all) PD patients want prognosis and treatment information early, and many expect their healthcare providers to bring up these issues [49] . Planning for decline and death as an expected and natural outcome rather than a failure of medical treatment is one of the main paradigm shifts brought by palliative care to the treatment of those with life-limiting illnesses. Further research is needed to better define patient needs including describing their prevalence, severity, relationship to quality of life and evolution from diagnosis through end-of-life. Research is also needed to compare needs in PD to other chronic illnesses and neurologic disorders to inform models of care and educate palliative care specialists caring for these patients.
Predicting Prognosis and Hospice Referrals
A patient need which deserves independent attention is the ability to estimate prognosis as it impacts advance care planning, patient/caregiver counseling and timely referral for hospice. PD is an under-reported cause of death which increases age adjusted mortality rate by 1.3-1.8 and decreases life expectancy by 3-11 years depending on age at onset (greater for younger patients) [50] [51] [52] . There are no tools currently available to predict prognosis in PD and no specific hospice eligibility guidelines. The lack of prognostic tools is likely one contributor to low rates of hospice use (< 1%) and high rates of hospital deaths (>40%) [4, 53, 54] . Challenges in creating a Psychiatric signs (depression, anxiety, hallucinations, psychosis); 6) Other frailty markers [85] [55].
Data on causes of death in PD may help guide efforts to develop prognostic tools. Reported causes of death which differ from the general population include lower risk of death from cancer and higher rates of death from complications of dementia, pneumonia, other infections (e.g. urosepsis) and falls [51, [56] [57] [58] [59] . Only one study examined 6-month mortality predictors in PD [60] and reported only BMI less than 18.5, accelerated weight loss and reduction of dopaminergic medications as predictive, with dementia, choking episodes, comorbidities, use of antibiotics and falls not differing in the last 6 months of life compared to prior time periods.
Other studies report predictors of mortality include older age, rate of motor deterioration, male gender, dementia, psychotic symptoms, gait impairment and comorbid illness (e.g. stroke) [61] [62] [63] [64] [65] . Clinical research in ALS and dementia suggest advantages to developing disease specific hospice guidelines in terms of both sensitivity and accuracy [66] [67] [68] . Gaps in knowledge include a need for better understanding of predictors of death in PD, particularly for a 6-month time period; a need to validate current criteria and/or develop new hospice eligibility guidelines; and to understand facilitators and barriers to hospice referral. 
Caregiver Needs
The unmet needs of family caregivers are well documented. Evidence exists for increased burden as the disease progresses with responsibility for numerous tasks, financial hardship, decreased mutuality, social isolation, feelings of being unprepared, lack of information and increased physical and psychological morbidity [69] [70] [71] [72] . At the same time family caregivers are pivotal in successful home care and make a significant economic contribution [73] . These facts strongly support the recommendation in palliative care that family caregivers should be equal recipients of care and a priority for palliative care research [74] [75] [76] . In spite of that, families are often a secondary focus of care and research is still in its infancy.
Factors that predict and mediate caregiver burden including the physical and mental health of caregivers, the mental and physical health of the patient, mutuality, preparedness, personality characteristics, amount of social support, gender and age of caregivers [71] . The dynamic interaction of positive and negative factors calls for a consistent theoretical model. An evidence-based model would also inform targeted multidimensional interventions [77] . A recent review of all research looking at the psychosocial impact of being a caregiver of a person with PD found no mention of theoretical frameworks [78] .
The first step in understanding the needs of a caregiver is a systematic assessment. Given what is known about factors that predict or mediate burden, three areas of assessment emerge: the capacity of the caregiver, the knowledge of the caregiver and the health of the person with PD. The capacity of the caregiver includes availability/work status, physical and mental health, social support, gender, age, mutuality, relationship to patient and personality characteristics. The knowledge of the caregiver includes how prepared and self-confident they feel to manage the caregiver role. The health of the person with PD includes cognition and neuropsychiatric symptoms, sleep disturbance, dietary modifications and functional needs/mobility [79] . There are a number of tools with good psychometric properties to measure many of these variables. A need exists for a comprehensive caregiver assessment that includes all three areas and consensus on which scales should be used.
Finally, research on effective caregiver interventions is limited and inconclusive. Some of this may be secondary to methodological limitations including outcome measures that are not sensitive to change or limitations in evaluating the effective components of a multidimensional intervention. What is known is that interventions building psycho-educational skills such as problem solving, goal setting and cognitive restructuring can show positive benefits [80] [81] [82] [83] .
Needs Assessment Tools and Strategies
Tools and strategies for palliative needs assessment should reflect the nature of the disease journey in PD. In particular, the potential for palliative care needs throughout the disease trajectory [84] , the high prevalence of cognitive impairment in later stage disease [3, 85] and the need for integration between primary care, neurology/geriatric medicine and specialist palliative care services [86] makes the demands on a needs assessment tool complex. A three stage assessment strategy may be desirable in order to i) rapidly identify unmet needs, ii) triage need to the appropriate service and iii) quantify needs so that response to intervention can be measured, facilitating an integrated model of care as described in other non-malignant conditions [87, 88] .
Here the PD specialist addresses the majority of need through a palliative approach and referrals to specialist palliative care are selective, facilitating sustainable service development.
A number of patient-completed palliative assessment tools have been adapted to assess palliative need in PD. They may be most useful where unmet palliative care needs are suspected, allowing clinicians to quantify and track symptom burden over time. The Palliative Care Assessment Tool (PACA) rates symptoms as 1 (present) to 4 (dominating the day) using a patient generated list, followed by prompts for common symptoms, and may facilitate simple, patient centered targeting of interventions [89] . The POS-PP, an extended version of the POS (Palliative Outcome Scale) [90] rates 20 symptoms on a 4 point scale, and includes a summary score [91] . This scale has been used to track symptom burden over time in groups of people with later stage (Hoehn and Yahr stage ≥3) disease [92] . Similarly, the ESAS-PD, an extension of the Edmonton Symptom Assessment Scale (ESAS), generates a summary score in addition to individual symptom ratings and, importantly, demonstrates responsiveness to palliative interventions in PD [93] .
The NAT-Parkinson's disease (NAT:PD) [94] , an adaptation of the Needs Assessment Tool: Progressive Disease-cancer (NAT:PD-c) [95] , targets the early identification and triage of unmet needs. It is clinician completed and focuses on both patient and caregiver/family needs.
Clinicians are prompted first to rate their level of concern regarding unmet need in a specific area, and secondly to triage unmet needs for appropriate referral. Validity and reliability have recently been tested in a broad PD population (Hoehn and Yahr 1-5) [96] . Concerns regarding the NAT:PD include its development within a specific healthcare model (UK), time of administration and difficulties for non-palliative practitioners to determine what constitutes a moderate or significant level of concern.
Research is needed to further validate and assess the utility of available needs assessment tools.
Multiple tools will likely be needed to meet the varying demands of users (e.g. PCP vs. neurologist vs. clinical research), settings (e.g. inpatient vs. outpatient) and available services (e.g. outpatient specialty palliative care clinic vs. hospice vs. telemedicine). Tools should consider several types of triggers including patient and caregiver needs, prognostic signs and clinical/historical events (e.g. repeated hospitalizations for infection, onset of dementia, need for wheelchair) [97] .
Clinical Research Outcome Measures
Appropriate and valid outcome measures are critical to driving changes in the practice and organization of care, by demonstrating that an intervention can improve patient-related outcomes or reduce healthcare utilization costs or caregiver burden. However, before any outcome measures may be routinely applied in clinical practice or recommended for clinical trials, more research is needed to identify the best outcome measures for use in this population. When developing or adopting outcome measures we recommend the following criteria:
Valid in PD. Outcome measures should only be used in a population in which they have been developed and/or validated. Palliative care outcomes validated in other populations must be shown to be reliable and valid in PD which differs in many respects from malignant illness, where many palliative care scales were validated, including a longer and slower period of decline and a different mix of symptoms contributing to overall burden.
Valid in advanced PD. Similarly, measures developed to measure PD symptom load must be validated specifically in advanced PD; for example many items from the PD Questionnaire-39 [98, 99] are less relevant in advanced PD. Patient and caregiver goals of care in advanced PD must be reflected in outcome measures.
Valid in dementia and/or proxy reporting. There is a high prevalence of cognitive impairment and dementia in advanced PD [3, 100] and thus patient self-report may not be possible. In addition, patient and caregivers may interpret the "worst" symptoms differently and patient and proxy reports differ for measures of disability and quality of life in PD [101] .
Good psychometric properties and ecological validity. Outcome measures must demonstrate robust psychometric properties including validity (face, content, criterion and construct validity) and reliability (inter-rater, test-retest reliability and internal consistency).
However, potential outcome measures must also have ecological validity, be feasible to use in the clinical context, short, easy to administer and score, and appropriate across multiple care settings.
Responsive to change. Outcome measures must be able to detect clinically important change over time. As small changes may have a significant impact for patient and caregiver outcome, measures need to be responsive to even small changes related to disease progression or interventions.
Developed using mixed-methods studies. People with PD and their caregivers should be part of the process of measure development and validation, including selection of key symptom domains, defining clinically meaningful change, ecological validity and user-friendliness.
Against this backdrop, we identified five knowledge gaps for future outcome measure research: i) validation of palliative care scales in PD and dementia; ii) testing of scale properties in PD palliative care (e.g. responsiveness); iii) definition of clinically meaningful change; iv) patients' requirements of outcome measures; v) determining whether new PD palliative care specific scales are needed.
Intervention Strategies
The majority of faculty were associated with team-based programs providing outpatient palliative care for PD patients and families. The team typically included a neurologist, advanced practice nurse or geriatrician and had variable inclusion of other services including nursing, chaplain, social work, physical therapy, psychology and palliative medicine specialists. The preponderance of neurology (as opposed to palliative medicine) clinics may reflect greater neurologist comfort with PD, growing interest among neurologists in palliative care as a subspecialty, and workforce shortages in palliative medicine [102] [103] [104] . When available, most programs recommended an interdisciplinary assessment at least for the intake visit, including coverage of medical and psychiatric symptoms, psychosocial issues, spiritual wellbeing, home safety, functional status, advance care planning and goals of care. When possible, integrated team-based care is preferred to multiple referrals. There was significant interest in the use of complementary and alternative medicine (CAM) to supplement traditional care including yoga, mindfulness, massage, aromatherapy, acupuncture, art, music and pet therapies [105] .There are currently no data to suggest which traditional or CAM modalities are most beneficial although there is an ongoing randomized controlled trial of team-based outpatient palliative care for PD including a neurologist, nurse, social worker and chaplain as the core team with a palliative medicine specialist available as needed (clinicaltrials.gov identifier NCT02533921). Future studies should also examine the financial implications of these approaches to care, particularly with coming changes in healthcare payment such as Medicare Access and CHIP Reauthorization Act of 2015 ("MACRA") and Alternative Payment Models (APM) [106] .
Telemedicine, the remote delivery of health care via technology, was proposed as an innovative intervention in palliative care for patients with PD. Modalities include video conferencing to a remote clinic or directly into the patient's home, e-consults, secure messaging, and smartphone applications. The chief promise of telemedicine is to improve access to care which is a notable issue in this population due to both geographic and mobility issues. PD management and clinical research is amenable to telemedicine, given the visually based examination and the focus on effective therapeutics for symptom management, requiring frequent visits [107, 108] . While there are concerns that the more personal aspects of palliative care (e.g. advance care planning, prognosis discussions, spiritual and bereavement care) may prove difficult to conduct via telemedicine recent research, the experience of the University of California San Francisco team suggest that telemedicine can be used to provide high quality and empathetic palliative care [109] . Future efforts will need to address legal, financial and technological challenges that might be heightened for the advanced PD population who stand to benefit most from this approach. Caregiver and dyad focused interventions are encouraged given the substantial adverse effects on mental and physical health associated with caregiver distress and the critical role caregivers play in supporting PD patients.
Implementation, Dissemination and Education Research
While the majority of palliative care programs for PD are based in academic centers, the majority of PD patients do not receive care at these centers. Thus, as successful interventions are developed they must be translated into community practice to impact public health [110] .
Implementation research refers to the study of methods that influence the integration of evidence-based interventions into practice settings and include efforts to identify, understand, and overcome barriers to the adoption, adaptation, integration and scale-up of evidence-based interventions, tools, policies and guidelines. Dissemination refers to the targeted distribution of information and intervention materials to a specific public health or clinical practice audience.
The intent is to spread knowledge and the associated evidence-based interventions and to understand the extent, adoption rate and outcome of the dissemination. Education needs include understanding gaps in knowledge, developing materials to educate key stakeholders (e.g. clinicians, patients), barriers to developing competencies, and developing tools to assess competency, attitudes and knowledge.
While there are few studies on dissemination and implementation in PD and none in PD palliative care [111] , there are studies from palliative care that will become relevant as evidence emerges from ongoing and future efficacy trials [112] [113] [114] [115] . Regarding education, Schuh et al.
developed a successful 14-hour palliative care training for neurology residents and there is growing interest in developing neuro-palliative care as a sub-specialty [116, 117] . Outside of neurology, there are several successful models for educating clinicians in key aspects of palliative care [118] [119] [120] . Education for neurologists and neurology residents is a known gap despite ACGME requirements for palliative care training [12] . Education of palliative care physicians in neurology is also needed [103, 121] .
CONCLUSIONS
Palliative care offers great promise to transform care for PD patients and their caregivers. As a relatively new field, there are significant methodological and content areas where research is needed (Table 1) 
